Methodology
The ZIF solids were represented by primitive rhombohedral cells, containing 6 ZnX2 formula units, where X stands for the imidazolate-based linker. The DFT calculations of the periodic structures were performed using VASP. 1 A cutoff of 520 eV was used for the plane-wave expansion. Considering the large real-space dimensions of the cells, and the expected weak band dispersion, only the Γ point of the Brillouin zone was used in the calculations. In a first step, full geometry optimizations were performed, including both atom positions and lattice parameters. No symmetry constraints were applied, and we started from rhombohedral cells with the cell angle slightly distorted from the special value (109.47°) corresponding to the body-centered cubic (bcc) structure. The reason for this is that, while some ZIFs with SOD topology retain the ideal cubic structure (e.g. Zn(mIm)2), others are known from experiment to distort into a less symmetric hexagonal form (e.g. Zn(bIm)2), which corresponds to an angle different from 109.47° in the primitive rhombohedral cell. 2 Geometry optimizations were performed with the PBE functional, 3 corrected with Grimme's D2 method for including dispersion interactions 4 (test calculations showed that the use of more sophisticated dispersion corrections brought only negligible change both on the geometry and the final electronic structure). In a second step, accurate electronic structures were obtained from single-point calculations with the HSE06 screened hybrid functional, 5, 6 which generally provides band-gaps in close agreement with experiment, 7 and has been shown to perform well in electronic structure calculations of MOFs. 8, 9 In the case of Co-containing ZIFs, both low-spin and high-spin configurations were tried, in order to identify the groundstate (high-spin). Electron energy levels calculated with periodic DFT codes like VASP are obtained with respect to an internal reference (typically the average potential in the crystal). In order to align the electronic energies with the vacuum scale, it is necessary to calculate the electrostatic potential in a pseudo-vacuum region within the simulation cell. We follow here the methodology recently proposed by Butler et al. 8 to calculate the vacuum level in MOF structures, by evaluating the average potential within a small sphere (radius of 2 Å) at the pore (see Supporting Information). In Ref. 8 , this procedure led to ZIF-8 ionization potentials in good agreement with experiment. A Python code provided by these authors was employed in our calculations to obtain the average potentials. The electronic structures of the linkers in molecular form (with an attached proton, i.e. HX) were calculated using Gaussian09. 10 As in the case of the ZIF bulk calculations, the electronic structures of the molecules were obtained from single-point calculations using the HSE06 functional at PBE-optimized geometries. Wavefunctions were expanded using the aug-cc-pVTZ basis set. Table S1 shows the optimized cell parameters of the cells, given in the hexagonal setting for convenience. Note that some of the structures (in bold font in the Table) exhibit a small distortion from the hexagonal symmetry. 
Cell parameters of optimized crystal structures
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Relative energies of the mixed configurations
We explain here how we generated the distribution of linkers in the mixed configurations. Since there are 12 linker sites in the primitive rhombohedral cell, the mixed solids with composition ZnXY can arrange the 6 X and 6 Y linkers in many possible configurations. We have considered two well-ordered structures for each composition, in such a way that the symmetry of the mixed configurations is maximized, and then picked up the more stable of the two for further analysis. The two ordered configurations are defined in terms of the symmetrically distinct linker sites in a structure with SOD topology and hexagonal distortion, as explained below. Choosing the ordered configurations is justified not only because it speeds up calculations: there is experimental evidence that mixedlinker ZIFs exhibit an ordered distribution of linkers, in such a way that each linker occupies a distinct crystallographic site. 11 Since in our work we have considered the most stable ordered configuration of this kind for each mixed-linker ZIF, it is likely that our calculated configurations will correspond to the ones that would be obtained in experiment. In any case, as our work shows, the bandgaps and band edge positions of this family of ZIFs depend mainly on which linkers are present, and therefore the distribution of linkers in the mixed framework during the simulation should not have any significant effect on our conclusions.
We now explain the symmetrically distinct linker sites in a structure with SOD topology. In the "undistorted" cubic SOD structure ( Figure S1a ), all linker sites are equivalent. In the absence of any additional symmetry breaking (e.g. due to the molecular structure of the linker), the structure has 4 three-fold rotation axes along the cube diagonals, which define the main pores of the SOD topology ( Figure S1b ). The primitive cell corresponding to the cubic SOD structure is a rhombohedrum with cell angle 109.47°. The hexagonal distortion occurs when the rhombohedral angle deviates from this ideal value, which leads to the hexagonal conventional cell in Figures  S1c,d . Now, there are two symmetrically distinct linker sites, represented by blue and red spheres in the figure.
Only one of the 4 main pore directions conserves the three-fold rotation symmetry, which is the one perpendicular to the basal plane of the hexagonal structure ( Figure S1c ). The rings defining this unique pore contain six symmetrically equivalent anion sites (blue in the figure) . In contrast, the other three pores contain a mixture of 4 red and 2 blue sites in the ring, and do not have the original 3-fold rotation symmetry. It is clear then that the maximally ordered structures with 50:50 mixture of anions are the ones where each anion species occupies only one symmetrically distinct site. There are two inequivalent configurations of this type, which do not break the symmetry of the hexagonal lattice. Since we always use nIm as one of the linkers in the mixed structures, we call configuration 1 to the configuration where only the nIm linker is in the unique-pore rings, and configuration 2 to the inverted configuration. Table S2 shows the mixing energies, calculated as: Figure S1 . Schematic representation of the SOD topology with cubic structure (a, b) and with hexagonal structure (c, d). Gray spheres represent the cations (Zn in our case) and blue or red represent the anion (imidazolate linkers in our case). Two anion colors are used to indicate the symmetrically distinct anion sites in the hexagonal structure. Figure S2 shows the electronic density of states (DOS) for the two mixed Zn-based ZIFs with compositions Zn(mIm)(nIm) and Zn(fIm)(nIm). The energy scales are aligned using the vacuum levels as reference. The DOS illustrates the origin of the band edges in the mixed ZIFs.
Projected density of states
It is clear that in the mixed Zn(mIm)(nIm) solid, the conduction band edge is mainly contributed by the nitro groups in the nIm linkers (as in the pure Zn(nIm)2), while the valence band edge is contributed by the ring carbon atoms in the mIm linker (as in the pure Zn(mIm)2). Analogously, in the mixed Zn(fIm)(nIm) solid, the conduction band edge is again contributed by the nitro groups in the nIm linkers, while the valence band edge is contributed by the fIm linker (as in the pure Zn(fIm)2). Figure S3 shows the projected DOS for the Cu-and Co-containing mixed ZIFs, indicating the positions of the transition-metal 3d levels. These are spin-polarized electronic structures which have been calculated here using a simple ferromagnetic ordering of the spin moments. In reality, these structures are likely to be paramagnetic as one would expect very weak magnetic coupling through the imidazolate linkers. The most stable spin configurations of the Co(II) metal centers was found to be high-spin (S=3/2). 
Estimation of the vacuum energy level
Following the procedure proposed by Butler et al. 8 we use the potential at the center of the largest pore (the one that conserves the 3-fold rotational symmetry after hexagonal distortion) as an approximation to the vacuum level. The potential is averaged in a sphere of radius 2 Å. The resulting average is plotted, in Figure S4 , as a function of the coordinate of the center of the sphere along the pore, i.e. the value of x in the coordinate (x,x,x) within the rhombohedral cell. The electrostatic potential at (0,0,0) is taken as an approximation to the vacuum level. In all cases this is a point of zero gradient (no electric field), and we have checked that in most of the structures it is also the point farthest apart from the framework atoms. 
HOMO-LUMO positions and gaps for imidazole-based linkers
Finally, we provide in Table S3 a list of 42 modified imidazolate linkers, and their calculated their HOMO and LUMO, which can serve as a starting point for future design of mixed-linker ZIFs with tailored bands. Only the most stable configuration is showed whenever there are different ones for a given composition. These calculations were performed with Gaussian-09. 4 
